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Tne arsenic produced by a deuteron bombardment of 
ишин has been studied to determine the nuclides 
present ὃν ο кїлї Identification of isotopes was 
τν τ tipata moui Wiet of inl? MM mî ο 
mua $ energy with the accepted values. Yield values were 
deternined for each isotope present by 4r solid sangle 
counter measurements, 

i Counting rates were measured for a period of 53 cays 
with 4v and coincidence counters, obtaining half lives 
which indicated that the nuclidie mixture vas made up of 
untl, ks", 12, Ass, апа λα... Those indications vere 
confirmed by naxímuu $ energy values» obtained by absorption 
measurenents апі {гов ү energies found using a y-ray 
scintillation spectrometer, Mensurenents indiested that 
the 40 hour half life reported for 4877 is in error by a 
significant amount, and that no As” ® was obtained by this 
boxberádzent, 

The 4r solid engle counter constructed was shown to 
have an efficiency of very nearly 100 percent for particles 
which escape the source. This counter has proven to be a 
very practical laboratory instrument and detailed instruc- 
tions for its use are ineluded as an sppendix. 
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The following is a tabular summary of the results 
of the investigation: 
Thick target 


Method { yielar 
isotope of decsy Met ya (ne/usnp-hr), 
"us st 0.68 48,2 + 1.2 hrs. 7.6 
тшш β7 3.25 
26.8 + 0,2 hrs. 64.9 
Y 0.85 
as? γον 0.02 68.0 & 9.2 days 1.1 
a pt | 
= 0.99, 1.49 17.8% + 0.13 days 5.2 
1019 Not present in the mixture 
aat? 8^ (0.7 >70 hours 5< yiela < 15%* 


# The thick target yield values speeified apply if the deuteron 
beam eurrent wae exactly 36 pamps and if the arsenic separation 
efficiency was 100 percent. Yield values quoted are based on 8 
counting only and do not inelude orbits] electron capture. 


** Based on ratios of total p to st counting rates. 


Thesis Supervisor: Robley D. Evans 
Titles Professor of Physics 
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°` A. Imsortanee of the Investiration 


The fact that tumors of the brain take up e 
large amount of trace metal compared with that taken 
up by normal brain tissue makes it possible to detect 
and to aetuslly determine the location of tumdts in 
the human brain, Under the supervision of Dr. Gordon 
L. Brownell, a group at the Research Laboratory of the 
— General Yospital has developed a suitable 
tyseer technique for the diagnosis and preoperative 
locatíon of brain tumors, using positron emitting 
isotopes. After intravenous injection of the tracer 
material, the patient's head is mechanically seanned 
la bue tinensiens by two seíntillation counters eoa- 
neeted in coincidence, Third dimensional location is 
obtained from the unbalanced single ebamnel eounting 
rates of the separste counters. 








Since January 1953 a large number of patients have 
been examined using this technicue. The results are 
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outstanding, From many cases clinically diagnosed 

es oorderline, they pruseuce or absence of neoplastic 
brain tissue hase been determined by this method. In 
all cases where surgery was performed, tumor location 
obteined by tnie tuenuiíque has been confirmed. is yet 
no known ineorroet diagnoses have been made. In 
addition te providing more quantitative information 
than is available from clinical diagnosis, this method 
provides the left-to-right localization which is diffi- 
cult anc often impossible to obtain elinleally, 

_ Radioactive arsenic was selected as the tracer 
metal because of several considerations. Arsenic is 
readily available from a deuteron bombardment of ger- 
валіма. The half lives of arsenic isetopes fall 
within an aceeptable range for tracer utilisation. 
Most of the y-rayas exitted from arsenic isotopes are 
soft, thus бвегеааіск narmful biological effects due 
to radistion, A very important advantage is that a 
large percentage of arsenic activity consists of posi- 
tron erission, Precision measurements with very high 
resolution may be made on the resulting ennihilation 
radiation. 

The tracer arsenic is not injected until several 
days after bombardment. During this period any short- 
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lived activity present decays to a negligible 
value compered with that of the 17.5 day isotope 
and does not affect the scanning measurements whieh 
require e period of approximately two hours. If the 
half lives and the relative activity percentages of 

the short-lived isotopes were accurately known, this 
waiting period could be decreased or even eliminated 
with s resultant increase in useful ectivity obtained 
from a given bonberdmgent. 

The purpose of the present investigation is te 
detersine insofar as possible the methods of decay 

and associated decay energies, half liver, absolute 
activities, and isotopie yields of the arsenic obtained 
by the deuteren bombardment of germanium. In addition 
to decreasing the delay between bombardment and injection, 
this information may permit the use of short-lived 
isotopes as tracers. In effect this also decreases 

the bombardment time required to obtain a given amount 
of tracer material. It may be desirable to examine a 
single patient several times over a period of a few 
weeks. Accurate knowledge of the short-lived activity 
present may permit frecuent injections of a lesser 
amount of tracer solution while avoiding hereful effects 
from the chemical toxicity of carrier arsenic present. 


(11,15) 
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В„ Results of Previous Investigations 


Prior to Bugane!s investigations in 10301) very 
little was known about the radionuclides of arsenic, 
The principal results of his work on the arsenic pro- 
dueed by a deuteron bombardment of germanium, as 
modified by others, are tabulated below and include 
all data reported througn 1941. 





ла Y | 60 hour 2, 4 
as”? ν᾽ 0.6 a8 min a, 4 
as A ε΄ 0.9 16 day 1, 4 
as Te в 1.1 
1.7 | 
E. 7 
°6.8 hour 3, 5, 6 
. 1.5 
2,2 
5.2 
as’? yo 55-90 day 1, 2, 4 
i Y 
"us Y 0.87 66 min ? 


Very little new information was published for several 
yeers but commencing in 1946 results were publisned whieh 


conflicted with aueh of the previous data. The following 
is a tabulation of the most reliable data now available 
on the rndilolesotopes of arnenie without regerd to their 
— of setivations 
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II. KUCLEAR PROPERTIES TO BE MBASURLD 


Time and equipment limitations prohibited conducting 
an investigation whieh coulc determine actual decay 
schemes of the active material. with a desire to 
extract as much information as possible in the tine 
available, attexpts were made to determine the following 
fer each isotope of arsexic obtained from the bombard- 
ment: Ἢ 

1, Absolute 9 activity. 

В. Half life. s 

3. Maximum $ energies. 

In addition it wes desirable to obtain information 
regarding the y-energies of the mixture of isotopes 
and the variation of the spectrum with time, 


111, EXPERIMENTAL PROCEDUME 





As Preparation of Bacioactive Arsecíc | 


A chip of pure gerasnium metal 1/38 inch tniek 
with dimensions 3/0 ineb by 1 inch vas used as a 
target іп the M.1,T. eyelotrons This chip was 
minutes with an average beam current of 36 parps. 
After bombardment the germanium metal was oxidized 
to GeCl, in an evacuated system using gaseous Clo. 
To this was added HCl, H,O., and arsenic carrier after 
whieh the bulk of the GeCl, was distilled out: The 
arsenate remaining in the solution as ist? vas pre- 
eipiteted as a metal by the addition of amzonium 
hypophosphite. <A detailed description of this 
separation procedure is contained in reference 21, 


В. Sehedule of Observations 


Continuous observations were made of the disinte- 
gration rate of the active material by use of the ár 


and coincidence counters. In an attempt to ascertain 
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whether or not the arsenic conteined any positron-  — 
0541544 hontapes heyina bair dives of tee enter of 1 
hour or less (2,3,17,23,24), goincidence counter measure- 
ments were made as sollows; each minuto during the 
Wird howe after bartardaeyt, every 0 minutes during 
the fourth hour, every 10 minutes during the fifth hour, 
and every 15 minutes during the sixth nour, Thereefter 
Une "eiue. ig rye? Pepo es gepemte vot adiret, 
de approximately 1/19tb th yelue of Qe half life 
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Due to the time required for preparation of 4r 
counter sources and tre time involved in raking absorption 
measurements with the end window 6 counter, observations 
with tnese instruments were made hourly from the 6th 
through the 17th hour after bombardment, ani thereafter 
in accordance with the schedule cutlined above. 

Using the sodium fodide scintillation spectrometer 
deseribed in Appendix II an initial scan of the energy 
spectrum up to 3 Mev was made within three hours after 
bombardment in order to determine the maximum energy y- 
rays emitted from the arsenic. With no detectable y- 

















energies present greater than 1 Mev, an operating range 
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was chosen which incluted all yeetiergies up to approxi- 
mately 1.3 Mev. This energy range was scammed continually 
for the first 72 hours after boabariment (Fig. l). The 
high energy range wes scanned at intervéls during ‘this 
period with negative results. An additional energy 
— vas obtained b; days after bosbaruxeant (Fig. 2) 
&ná as before, av high energy f-Tays were detectable. | 
Using the end window û “aaa did rates were 
measured for u. au sa of from zero to 2526 
mg/m”, Observations were mude in accordance with the 
time schedule previously given. [ 
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Figure | 


y -RAY ENERGY SPECTRUM 
OF ARSENIC 


Produced by I5 Mev deuteron 
bombordment of Germonium 


R ' 
© HOURS AFTER BOMBARDMENT 


34 HOURS AFTER BOMBARDMENT 


56 HOURS AFTER BOMBARDMENT 


y ENERGY (Mev) 
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Figure 2 


y- RAY ENERGY SPECTRUM 
OF ARSENIC 


Produced by 15 Mev deuteron 
bombardment of Germanum 


Vertical scale $ that of Figure | 


52 DAYS AFTER BOMBAROMENT 


e 4 6 8 10 12 


y ENERGY (Mev) 





1 12 


IV. MFTO USED IN INTERPRETATION OP DATA 





А. Half Life 


Observed eonnting rate, corrected for instrumental 
error, мез plott^) on sauilog paper as a function of 
time. Sppreximan tely RO cays after bomberément the 
curve obtained [rom coinciiance messuresents assumed 
a constant slope indicating the presence of a single 
isotope. Application of the method of least squares 
to cata in the region of constant slope yielded a dotor- 
mination of half life, zero time activity, and thelr 
respective stander deviations, Subtraction of values 
thus obtained from the curve of total counting rate 
resulted in a residual curve alse possessing a constant 
final slope. Successive application of this sethod pere 
mitted the resolution of 3 straight line components from 
the data obtained by eoincidenee counting (Fig. 3). 

The 47 counter data included a relatively long-lived 
component which was not apparent in eoincidence measure- 
ments. Assuming this to be as reported as a 0.05 Mev 


at м ШОТА ο тап οσο п 


"чыча «ὁ 


Skins ang TED LINA ¿rn paliar betes) 
1e ομως A νε werde ворана «к “αρα εαν YoY 
A IE 
A A эпсаделсъ а 
питака Praef T6 hod wi? do доїфль!1ү & .eqdtosl 
“deh à aid mola JEANS bo moiget eed a) stah 54 
siap See «ψήίύλύπει sp ervi riil Liar 1e mitai» 
et) eee Ve a 
$4 ^ paris 1010) 10 Pro sl «τι das Wu 
HUT = pur «ᾱ.: ενεοπ Εκωκίφως a ni kare Cemex 
n, basa 6202 % TAL ara ¿ls feat? 
má doma ll rayitas ( 1a aviónica em? berjtz 
:(Е 519) setimo enstálsadas yá calido: «deb nds 

bevif-uoml «етіл ич ^ bebwinm) өфъА mine vA esT 
A Peo See atis Gs 
AA AAA 





19 


ο» bb cv Cv 


8ç 


( jUdWPJOQWOR 193/40 INOW PIS WO4) SAVG NI ЗИ 


ος te ο ο 820 Æ te 


sınoy p2O ° l¿ 2 πι 9 
sinou G2 I : «Ζ8ν: #1 8 
síop 020 «66521: ἥι v 


x wos) 8 Du 9011qNS 2940 »9ρυ!οω9 ο 
v Dur2014QNS 1910 JIPUIDIWIYH х 
3109 θυιυσπο) Ρ9Λ/9500 p3j29900) ο 
19ἱυΓΟ2 IDUAIPIDUIOD YJIM UIADI OJOD 
3WI1 S^ 31VH 9NILNNOI 


с әт! 


ἐς Οὐ 


Ө! 


91 


νι 


А 


¿Ol 





(SUN 13d SIUNO)) FIVY ONILNNOD 





negatron emitter of hall life ~ W cays, AM one 4r 
counter source wes covered with 13.7 2&/ ei^ ef aluminum 
foil (& thickness eGuivelent to c. 3 tizes the renge of 
a 0.05 Mev eleetron) commencing on the 41st day after 
bombardment. lets oL.tained with thir source plotted as 
a straight line with a half life of 17.26 Gays. After 
subtrection of tulis 17.66 dwy setivity from the total 
counting rate curve tne Constant Slope extremity of the 
residual eurve indieated a half life of ~ 88 days. This 
procedure yermitted early evaluation of data without 
waiting for the predominance of the 89 day component and 
the results are in good agreement with tie As T? netnod 
of decay reported by moi. 19 óuecessive ap^lication of 
the method of leust squeres to the ¿r counter « esulted 


in the resolution of 4 straight line componen . 4) 





Half life determinations were also made f 
plots of counting rate vs time obtained using absorbers 
of specific thicksess with the end window s counter. The 
method of eurve subtraction previously outlined was 
employed anc a total of 2 straight line components were 
resolved having half lives of £6 hours, 53 hours, and 16.7 
days. 
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B. Absolute 8 Activity 


Since the efficiency of the 4r counter for PB counting 
is quite high (Appendix I), these data were used in the 
deteraination of absolute ) activities, The zero time 
activities obtained in applying the method of least 
squares to half-life determination were corrected to the 
tine of completion of bombardzent. These results can be 

specified in terms of yield if specific values of deuteron 
© besn current and arsenic separation efficiency are assumed, 


C. Maximum § Energies 


These values were found from absorption curves obtained 
by use of the end window P counter (Appendix II). From 
meesuresents of maximum range made at various times the 
energy of the most energetic § was determined for both the 
26 hour and the 17.5 day isotopes. The method is illus- 
trated in Fig. 5 which is applicable to the 26 hour isotope. 

In addition, nass absorption coefficients were deter- 
aimed from sezilog plets of counting rate vs absorber 
thickness taken at various times, Using these values 
maximum § energies were determined for the 17.5 day and 
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Figure 5 


COUNTING RATE vs ABSORBER THICKNESS 
dota of 8 Morch 1953 


Rm? 1620 mg/cm*~ 3.27 Mev 
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the 59 hour isotopes (Figs. 6, 7). The value obtained 
by this method for the 17.5 day isotope agrees with that 
found by the maximum range measurement stated sbove. The 
eurve obtained for the ?6 hour isotope (fig. 8) vas eon- 
cave toward the origin and could not be treated by this 
method. ἐ detailed discussion of the method and theory 
involved is contained in Chapter I of reference 29. 
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Figure 6 


COUNTING RATE vs ABSORBER THICKNESS 
data of 23 Morch 1953 


o Observed Counting Rote 
x Observed Counting Rote corrected for 
y-ray background 
o § Residual after subtraction of higher 
10% energy component 
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COUNTING RATE vs ABSORBER THICKNESS 
data of 14 March 1953 
o 
3 
° Observed Counting Rate 
g x Corrected for y-ray background 
A Residual after subtracting corrected 
2 curve of Figure 6 
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1044 curve of Figure 8 
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9 COUNTING RATE vs ABSORBER THICKNESS 
g dota of 8 March 1953 


i o Observed Counting Rote 

a Corrected Observed Counting Rote 
of Figure 6 

% x Observed Counting Rote ofter sub- 

troction of y-roy background 
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4 С of Figure 7 
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V. RESULTS 


| 1. The longest-lived isotope present in the mixture 
ves detected by only the 4r counter. The half life ves 
determined to be B5,9 1 Θ.Ρ Says and by the filtering 
method described in Seetion IV A, the maximum . energy 
was found to be 0.1] Mev > Kasa. > 0.08 Mev. Since this 
isotope was not detected with the coincidence counter it 
is assumed to be a pure negatron emitter. This nuclide 
1s believed to be 187? due to the close agreement with 
the reported charaeteriaties of that і воборе@1) 

2, With 47, coincidence, and end window counters a 

half life of approximately 17.5 days was resolved, Two 
p energies of this nuclide were determined by absorption 
neasurenents to be 0.99 Mev and 1.49 Mev. The close 
agreement of these results with тама previously reported(9,11,19) 
— to justify the assumption that this isotope is as’, 

„3. Bnd window ñ counter neasurenents using an absorber 
thiekness of 284 mg/em* indicated that no isotopes were 
present haying | energies 2) 0.7 Mev and half lives їп the 
page 16,7 days > T, 72 > 26 — Using lesser amounts 
of absorber a half life of approximately 59 hours vas 
resolved. The only other half lives found to have this 
approximate value were 70.1 + 2,8 hours from 4r counter 


data and 48.5 + 1.7 hours fros eoincidence measurements. 
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“THe latter value combined vith the energy limitation 
previously specified jüstifies identification of this 
1sotópe e» 1s72, 01091349) t, iones half life values 
obtained from 4r and end window counter &e»surements 
indieate that there is also present a negstron emitter 
A e having e Y, Λ lenge? then 70 hours with energy < 0.7 
Mev. The 70 hour half life determined from 4» counter 
p is believed due to a mixture of as” and 
assuming that the single reported value for the half 
Р of the latter (20) 1з ša error. Thls apparent dle 
сгерадеу is worthy of future study. 
(77 4. ¿From data of the 4r and end window 6 counters 
a component of half life 25,8 + 0.2 hours with a maximum 
8 energy of 5.25 Mev was determined. A y-ray energy of 
0.85 Mev vith half life approximately £9 hours vas found 
| (rom nensurenents made vith the y-ray scintillation 





оро 07960, Μαν rood te confirm previously P 
values (9211519) | and identify this isotope as X8. This 
half ] life determined from coincidence measurements vas 
21.7 £ 0.2 hours. 

. ©., Trere was no indleation of the presence of the 
5f minute aa? isotope” in the mixture. In addition, 


sinee no yeray energies > 0.85 Mev were resolved it was 
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apparent thet the 27.6 hour 41s 6 isotope having tvo 


reported y energies > 1 moy (14, 18) was not present, 
6. Tabular summery of characteristics of the 
xixture of radiomuel ides determined by this investigation. 


1291029 
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3.28 
0.85 


09112 Εικ 9.02 


0.99, 1.49 


Thick target 
| yiela® 
48.2 + 1.2 hrs. 1.6 
28.8 + 0,2 hrs. | 64.9 
88,9 + 9.2 days 1.1 
17.85 £ 0.13 days 5.2 


Not present in the mixture 


<0.7 


> 70 hours 5 < yield < 15 


® The thick target yield velues specified apply if the deuteron 
beam current vas exactly 36 pamps and if the arsenic separetion 
efficiency vas 100 percent. Yield values quoted are based on 2 
counting only end do not include orbital electron cepture. 


&* Base on ratios of total 6 t6 δ counting rates. 
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APPENDIX I 
THE áw COUNTER 


À. Description of the Counter 


The 4y solid angle counter was designed as a 
convenient laboratory instrument to be used for the 
absolute standardization of В emitters. A photo- 
graphic view of the disassembled counter, Pig. η, 
illustrates the important features of construction 
and source mounting. Detailed specifications are 
given in Figs. 2 snd 3. 

The sensitive volume of the counter is geometri- 
cally similar to that of CaswellU and of Borkowski”), 
The eounter wes designed and operated as a flow 
counter using n butane gas rather than as a fill 
counter due to the fact that the former is more stable 
with far better reproducibility’), Eince the counter 
must be opened sach time a source is changed, use as a 
flow counter which eliminates the necessity for a 
vacuum seal greatly sixplifies the operating procedure 


as compared with that of a fill-type counter. The O- 
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Fig. 1, Photograph of disassezbied counter. 





The upper view shows the source ring in place | 
with the top half of the counter removed. The 

active source is the dark círeular area in the 

center of the thin fila which appears as a 

light ares in the center of the source ring. 


The bottom view shows the completely dise 
assembled counter. The retaining ring for 
holding the souree ring in place is shown 
with the removable handling pins in place. 
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ring seal is used to reduce leakage of flow gas to an 
absolute minimum, 

 Squeeze-fitted Teflon plugs are used instead of 
Kovar glass for counter case-to-guard ring and guard 
ring-to-center wire insulation, with all insulator 
surface leskage paths designed for approximately 5000 
volts. This feature is for convenience in assexbly, 
cleaning of the sensitive volume, and to minimize the 
possibility of breakage in handling. | 

The 1/4 inch thick counter case is machined from 5 
inch brass stock, all sleeve entries to the case being 
silver-soldered and the ertire assembly nickel-plated 
to facilitate cleaning. Center wires of 1 mil tungsten 
are aligned by РО gauge hypodermic needle stock to which 
they are soldered at the extremities. Center wires are 
guard-ringed with the guard rings at the same high 
positive potential as the center wires. The tripod 
legs supporting the counter fit into insulating stands 
made of drilled polystyrene rod stock. A grounded brass 
shielding box contains the entire counter assembly and 
winimizes externally-caused electromagnetic interference. 
Electrical eonnections within the box are made with 
rubber-covered wire insulated for 5000 volts. All 
electronic connections to the shielding box are nade 
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by erem cable and associated fittings. A U-tube 

o41- filled bubbler external to the shielding box maintains 
gas pressure within the mn slightly деге atzos- 
pherie end avoids charges in gas aaa isa. 

Three mil shim steel stock* provides a sturdy 
source mounting ring. The steel is first eut into 3 
inch squares and a 5/6 ineh hole is punehed in the 
center of these squares. The ? 3/4 inch outer diameter 
is ther. obteined by use of a jig and ordinary paper 
ος The prepared source ríng is held in place in 
the counter by use of a split brass ring (similar to a 
piston ring). 

To retain some of the palos limiting properties 
of the conventional Geiger eounter while eliminating 
many of its objectionable features, the 4v counter is 
ear bed in the region of limited proportionality. ‘*» 5) 
The counter 1s operatec at a vell reguiated 4300 volts 
with the cathode 2500 volts below proud and center 
wires and guard rings 1800 volts above ground to mini- 
mize corona and "spurty" noise effects. This operating 
point is approximately 500 volts above the beginning 
of a counting rate plateau which is better than 0.6 
pereent per 100 volts. The center wire output is fed 


* Obtainable from Ward bteel Co., Arlingten, Mass. 
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to a Model 100 amplifier through a cathode follower 
preamplifier (Atomic Instrument Co. Model 204-B) with 
the amplifier output driving an M.I.T. Model 400-R 
decade scaler. The counter with associated electronic 
equipment connected for normal operation is illustrated 
in Fig. 4. 


D. Applicability to Absolute 3 Counting 


If a counter is built which collects particles 
emitted from a source in all directions, it bas many 
advantages for measurement of absolute activity. First, 
since all particles emitted from the source are counted, 
a direct measurement of the B disintegration rate is 
made without the need for precise knowledge of the solid 
angle with its aceompanying seattering problems., Also, 
since the "efficiency for § particles" is now 100 percent, 
much smaller end thinner sources nay be prepared thus 
reducing the self-ebsorption considérations, (Ë) 

In the 4r counter, any 3 particle which produces 
an fon pair outside the source and scurce mounting will 
be counted unless this ion pair is formed in a region of 
low enoug?^ intensity that reeombinstioa oceurs prior te 
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Fig. á, 


Photograch of counter with electronic equipo 


ment connected for normal operation, 


The insulating polystyrene mounts are visible 
within the brass shielding box and the oil- 
filled bubbler fts shown on the outside lover 
left corner, 
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T _ Important Aspects of Source ‘Preparation 
m- 4:1 v 


The preparation of a thin source 19 the must difficult 
problem involved in the practical use of the 4r counter, 


«ει - 


It is essential that the source be quite thin and uni- 
form for any isotope omitting soft particles, The 
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chemistry involved {а preparing uniform thin sources 
varies with the element involved. When a sexple is 
simply allowed to dry, the active material has a 

tendency to crystallize out as one or more large 
particles or to dry in a thick ring of small crystals 
around the edge of the drop. Use of an infrared lemp 
speeds evaporation anc reduces the tendency to "cluster" 
in every case attempted. It has been empirically 
determined that counting losses due to self-absorption 
can be neglected if the maximum solid coatent of the 
souree is < 5 pem for § energies > 0.6 Мет, but for 

8 energies < 0.4 Mev solid content of the source should 
not exceed 0.1 pgm. These approximate values are based 
on a total pipetted source volume of 0.085 ml. Within 
the specified limits, self-absorption losses are negli- 
gible compared to losses in the conductive layer on the 
source mounting fila, Celf-absorption can never be 
entirely eliminated by continued reduction of total 
solids since there is a finite particle size which the 
material must assume upon precipitation, It has been 
shown that below a certain very small concentration, a 
decrease in solids does not increase the observed counting 
rate. Alse, e slight increase in solids above this value 
does not deerease the observed counting rate of a source?) 
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D. Preparation of Source Mounting Film 


À solution made by dissolving 5 grams of stick 
parlodion* in 85 ml of amyl acetate was found to pro- 
duce the most durable very thin uniform films. A 
period of about two weeks, with frequent agitation, 
is required for the formation of the solution. 

. Thin films are made by dropping an appropriate 
amount of the above solution on a clean surface of 
distilled water. The water used should first be boiled 
to eliminate dissolved gases and an indicator such as 
phenolphthalein should be added in order to check pH. 
Water which is even slightly acidic seems to decrease 
the physical strength and life of the film produced. 

A room should be chosen which is as dust- and draft-free 
as possible and a strong light is essential for in- 
specting the films aud the water surface. 

The simplest and most expeditious method is as 
follows: 

1. Fill an €-10 ineh diameter culture dish to 
overflowing with the water prepared as indicated above. 
2. Express two drops of parlodion solution on 
the clean water surface and observe the color display 


der a strong white light as the film spreads. 
* Obtainable from Central beleztifio Co., N. Y. 
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3, ¿hen veximun color display is evident near 
the edges of the film, drop the prepared souree ring 
horizontally from a height of about 1/? inch onto the 
center of the floating parlodion film. 

4. Holding one edge of the floating source ring 
and attached film, trim away the excess film with a 
very sharp knife. The ring is then slid from the 
surface of the water at a small angle to avoid surface 
tension film breakage and may be placed vertically in 
a drying reck. 

δι Fila thickness may be determined dy observation 
of reflected color under white light end comparison 
with available eurves whieh read directly in ngn/en" 
(Fig. 5). For nore necurate determination, the a thick- 
ness gauge may be used. This consists of п collimated 
source of polonium fastened to a novable micrometer jaw 
which in mounted vertically above a thin wiro. Geiger 
counter. A sero reading of the end of the e particle 
range is made, after which the film is placed over the 
ut window and the mezsurernents repestad. The 
distance between the two eurves so obtained gives the 
absorption of the file in airemm, which ean be trans- 
leted directly into ng/m”, The gauge is capable of 
measuring thicknesses as small aa 1 ng/cm* vith less 


than 10 percent error. 
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B. Condéeting Layer for Source Yownting Film 


For absolute measurements, it 123 essential that 
the collecting field within the counter not be distorted 
by the dieleetrie-covered hole in the source ring. A 
thin comiucting setallie layer which covers the entire 
souree support muy be evaporated fron v heated tungsten 
filament, the eve;oration being performed in ^ vscuum 
of approximately l ziera. To insure electrical con 
taot with the counter case, the layer should be deposited 
on the side of the source ring opposite thet to which 
the parlodion file sdheres. The epparatus used for 
metallic evaporation 1s illustrated in Pig. 6 where 
the method of supporting the source ring described 
below is clearly visible. Since the greetest danger 
of film breakege oeceurs in tho Detsllic evaporation 
process, this operation should be performed гг or te 
pipetting the active source materiel, 

Por source solutions which do not cantain hydro- 
chlorie seid, aluminum produces a suitable conducting 
layer and the following procedure in recommenced. 

le Place the prepared source ring horizontally 
atop a length of 5O me cianeter gless or wyrex tabíng 
which oneloses tho preysrs2 tungsten Filament. The 
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Fig. 6. 


Photograph of apparatus used in metsllie 


evayoration. 


The souree ring lying on top of the eylindrical | 
glass tubing under the bell jar is in proper 
position for sluminum evaporation. Tubing which 
carries cooling water for the filament electrodes 
is visible to the left of the bell jar. 








soures ring should be approxizately 7 en sbove the 
filament for a vacınm of 1 μι 

| PF When e vacuum of 1 ı is reached, slowly 
inerease filepent eurrent until the aluninum begins 
to evavorate from the filament. Observe the elimb 

of deposited aluminum on the glass tube and when it 
reaches the top of the tubo, shut off filament current. 
This procedure results in uniform conducting layers of 
frou approximately 10 to 15 ug/om in thickness. 

The hydrochloric acid in many source solutions 
will interact with the aluminum surface of the source 
aounting and fre uently causes a decrease in counting 
efficiency. In such cases a thin layer (15-20 pg/en”) 
of gold produces a suitable conducting surface. A 
standard microseope slide placed at the seme vertical 
distance above the evaporating filament as the source 
mounting film and coated simultaneously with the souree 
film provides a measurement of the thickness of gold, 

A resistance across the length of the slide measuring 
between 50 snd 200 megohus indicates a thickness of 
«old between 15 and 20 ug/en?. (2) 

For the measurement of isotopes having § energies 

greater than 1 Mev, aluminum foil of 0.1 mil thickness* 


* Obtainable from Frank U. Caffin ahd Son, F° Elm St., 
Hyde Park, Mass. 
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may be used insteed of the evaporated metallic layer 
with no detectable counting logs. A fine mist of 
distilled vater is deposited on the prepared source 
ring by use of an ordinary bulb type atonizer. The 
0,1 mil foil is then laid over the moistened source 
ring, carefully brushed flat with a fine camol?s 
bair brush, and the exeess trimmed off with seissors. 
If the above is carefully performed the foil is then 
inseparable from the source ring and parlodíon fila, 
Wo condueting layer need be applied to the source 
mounting if a high degree of eceurecy is not required, 
Elimination of the metallic leyer results in counting 
losses of from approximately l percent to J percent 
depending on the maximum $ energy of the isotope used. 
For example, the observed counting rate from several 
non-eondueting P! sourees inereesed by Y ¢ 0.5 percent 
with the addition of either foil or evaporated aluminum 
conducting coatings. | 


ΓΕ. Preperation and Preeipitation of Bouree Material 


1, Isotopes emitting 2 particles of 7» O40 Mer. 


The best method found so far consists of adding 
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a sali mownt o! Jentonité, a collóidul aud, to thé 
pipetted drops of souree &olutíon. The soufee ions 
are adsorbed on the Sentonite vhich dries in a fairly 
uniform layer of fine particles. Microscopie obser- 
vation of sources prepared in this manner yields a 
typiéel sire of 1 aieron for the largest particles, 
С... 0.1 аф/еше for matericl of density 1.00) the 
layer is much more uniform if instead of sisply 
allowing the source to dry, an infrared lamp is used 
to decrease evaporation time, 

Using the highest speeific activity source material 
available to minimize souree solid eontent, a solution 
of from 1 to 1.5 ne/ml is prepared. This yields ap- 
proximate counting rates from 55 x 10° to 80.5 x 103 

dpm per 8 of active materiel. Since the resolving 
time of the counter is approximately “0 psec, this 
range of activities limits resolving time losses to 
<2 pereent. | | | 

In solutions of materials of high specifie activity, 
considerable losses may be caused by adsorption of the 
active constituents on the walls of containing vessels 
and pipettes used in A — This effeet 
results ín a decrease of activity in solution, espetíally 
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for carrier-free materials. This loss of setivity nay 
ha reduced by the addition of — — of the 
sane chemical form as carriers seien to preparation of 
the Bouree solution. Por exexple, г small cuentity ef 
KEPO, lo used with solutions of carrter-free p>* ana 
KI 1s teed With éurrter-trée 1291, the mess of barrier 
whieh nay be added 1s determined by the permirsitle 
solid eontent of tho solutien but a desirrble ratío to 
wake edsorption negligible is approximately 109 inactive 

The pH of the active solutien is maintained so as 
to keep the ective atoms in solution, Рог seme isotopes 
the solution should be acidie while others require a 
basic solution. A general rule which has few exoeptions 
ів to prepare an seidic solution if the active atom is 
in the eation and a basic solution af it 1s in the enion. (° 
In all selutione, any substenee added to adiust the pH 
cust be soluble wher combined with the active material 
in orcer to prevent precipitation. 

The followin« procedure is reeemmended for the setual 

a. Express 251 (0.025 m1) of active solution 

on the center of the 6/8 ineh diameter metallic coated 
parlodion file, The mieropipette 8}.ouli be rinsed twice 
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onto the source ring in order to remove all active 
material from the pipette. It has been experimentally 
determined that the following percentages of active 
material ere contained in rinses of the pipette: i 


lst rinse — 3 sereent of initial contents 
nd rina — 1 percent of initisl contents 
3rd rinse —~ 0.5 pereent of initial contents 


Micropipettes?* used in once ration must be 
calibrated with mercury singe deviations of 1 meas 
— de— оо векат "D 

b. If several sources era ta be prepared at 
e time, the veevum trap arrangement tllustreted in 
Fig. 7 1s indispensable. After aneh source (consisting 
of one pipette volume ¡lus two rinses) is expressed, 
tte pipette must po thoroughly cleened "T éried prier 
to preparing the nàxt tource. Using the vacuum trap 
errengesert the papette vn. be ernennt AB aa Insctiye 
cerrier soluticnr followed w гаса. with pure distilled 
water enc then dried by the air сарыл pulled through 
the pipette. The totel operation ы баена and Arying 
revuires less then 3 minutes witn this apparatus, 

с. Express 101 of Bentor.1te solution (epproxi- 
mately 25 rg Bentonite/ml 
* Obtainable from Nadietion Counter Lad., 1884 v, 21st 

Sts, Chicago, 111, 


0) into the érop ef source 
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TO MICRO - PIPETTE 


TO VACUUM PUMP 


VACUUM TRAP ARRANGEMENT FOR 
CLEANING AND DRYING PIPETTES 


Figure 7 


ών 





solution previously formed. | |  .— 

. de Thoroughly disperse the Bentonite in the 
dropper which has been flara-drawn oa fine capillary 
peint. A stromg light facilitetes visual observation 
of the mixing which is complete when the entire drop 

tukes ON p cloudy apperrance. τ 

`, Be The prepared source is then dried uncer a 
heat las. 

2. Ізоћорев quitting f particles of < 0.4 Nev. 
or ly In order to minimize self-absorption losses 
in the mensurenent of soft 9 particles extreme care pust 
be taken in preparation of the thin source, es ecially 
af the isotope solution ia a chloride wi em tends to 
fore large crystals on precipitation. The following 
procedure, applicable to preparation of соёо sources, 
is cited as an exumploy ©) {τή Т 

a. Using co 90 of high activity (approximately 
1 curie/gram), dilute to proper operating range using 
redistilled 801. The solid content of ordinary HCI 
often exceeds the solid content of the source material. 
The earrier concentration should be of the order of 3 
mg of CoCl,/liter giving a total solid content in a 251 
aliquot of 0.075 pg. 
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practice the difference between sources due to all 
errors involved in preperation ray bde maintained at 
C l percent. 

2. Counting prosedure. 

Baekground counts are taken before (and after 
if necessary) each rum by inserting a plain shim steel 
dise in place of the source. Two comparison tests are 
made on all measurements made vith the 4r eounter. 
First, with counter voltage fixed at 4300 volts, inte- 
gral diseriminator curves are plotted for gain settings 
of 1031, 9:1, and 811. The latter two settings each 
decrease electronic gain by a factor of approximately 2 
(Figs. 8 and 9). Seeondly, with electronic gain held 
constant at 10:1, integral discriminator curves are 
pletted fer counter voltages of 3800, 4100, and 4300 
volts (Figs. 10 and 11). If in both cases the discrimi- 
nator curves are flat over a discriminator range of > 
10 volts (Fig. 12), we can assume that all ^ particles 
emitted into the sensitive volume are being counted. 
Figures 9 anc ll which are typical of co™ clearly indi- 
cate the high percentage of colleetion and may be com 
pared with Figs. 8 anc 10 which aye typical of pe | 
The method of extrapolation to determine the true 
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éisirtegration rete is in^Cicasted or all ewrves. A 
further cneck to verify proper operation is a statisticel 
anélysia of the counting rates for points oñ the dis- 
crizinator plateau. The mean walue thus odtained snould 
agree with the extrapolated true eounting rate. 

Onee the voltage range of the discriminator plateau 
has been determined: fer a given tsotope the counting 
procedure ls simplified. Toae diseriminator may then be 
set at the midpoint of the voltage plateau an^ with 
counter veltege set at €)00 volts añ añ electronic gain 
of 1031, a series of runs is made. A statistical analysis 
of these runs is then mace to insure that the counter is 
operating properly ond the observed counting rete is 
determined by tne mean value thus obtained. 

An electronic gein of 1011 is chosen eas tne normal 
Operating point. At this value the lergest pulses in 
the counter just overarive the Model 100 amplifier without 
Causing counting losses, and the smallest pulses are 
sufficiently lerger than noise to be detecteble over a 
useful discriminator range. 

3. Gorrection Lo opserved coumting rate. 

The averege backgrouna 1s subtracted rroe the 
Bean value of tue measured counting rate, to yield Е, 
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caretully pláce vos ring containing Be coved Layer 
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by over the Source te form a seniwiel. vith 
kp 004 οσα X ogela — 
The percentage disreraies An Kj) ed Bip should be | 
geite close to the true correction Гог absorption due 
to the counting fila, 

A slightly mere acturate detommimmtion of absorption 
$m the mounting film!) is quoted below for completeness. 

me mmbr:- wr ~r la. 
amount of angulos, if any, due — 
the souree and tbe lover half of the 4r counter. The 
counted by the top half of the 
counter connected separately will be 
lll l"' 
NW IY ΠΠ ΚΠ > С) 
where ú, ta tae true disintegretion rete of tae source, 
Ry le jan регез besbatelluming Gres W Chin, is 
the froetionsl absorption in the fiin, bno Æ (b) 1s the 
percentage bacéócettering due to tde walle in the ottom 
Ralf. The nwaber of particles counteu by the bottom 
half connected wefampetely wi!l be | 


Cas sp Ка жарай 




















"Pros symmetry considerations B,(t) = B (b) = B, 
"The factor B, can be neglected when the fila 13 
thin and of low atomic number, so that (1) beeoses 


Ku, * Rü * A, τα) (5) 
In the botton half, again assuming Bp = 0, one obtains 
ἕμονέοα “Ἔα - т) + ay) ὦ 


Putting this in the forn y = ax * b gives 


(o Tene UP Per). 8 

. "With the thin films under consideration it can 
be assumed that the absorption is directly proportional 
to the file thickness, Equation (5) сап be used to 
determine the absorption correction graphically, A 
more direct method of determining T can be ceduced 
from eq. (2) and (4). 


| кор "Коон “ eer - BY). (6) 

The actual counting rate observed with top and bottom 
pares connected together is 

Ne, " A - 1/2) (7) 


so that (6) becomes, if one lets M ~ Бозо = A 
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The absolute counting rate is then obtained by sub- 
stituting (8) inte 


к. = piè. (10) 


"Thus by taking three different re»cings of the зале 
source on a single film it is possible to ceternine the 
adsorption by the film. This proves extremely useful 
for low energy 8 particles." 

с. Sorruçkisna ¿or seli~ebserption suc peck- 
هندع‎ cue ko inite gource reke. lz general 
the sources prepared are very thin compered with the 

half thiesness for ¢ absorption in souree material. 

Sinee the resultant self-absorption and beckscattering 
correetions are small (usually < 1 pereent), approxi- 
mate methods may be used to compute these correetions. 
The average source thickness is eomputed from the source 
sree and the xnown mass oí material contained therein. 

Self-absorption may be estimated as follo-si 
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bet t = Rall thicamesse ¿or Y <a scuree material 
(in pe/em*) | » | 
X » averege source tbiokness (in pë/cm”) 
then the true activity N, ië related to the observed 
activity N, by 
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κ = | 
and | — =l- (0.346) V* for X << t 
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If desired, backscattering oorrections may be 
approximated frou the results published by Zumwalt’) 
In these corrections it is assumed that when the source 
mounting material is very thin, the percentage of satu- 
ration baekseattering obtained 1з а function only of 
its thickness in terms of absorption half thicxness. 
vith this assumption, the Zumvalt data obtained for 
polystyrene can be applied to parlodion by eomparing 
relative half thicknesses involved. 

There is also a small loss for particles which 
travel transversely through the film and are ebsorbed 








(aaa αἲ) 
Oma ati nn a eme d 7 7 
Md 


— £ 







. = Y = 











uros $e asme udi ¿njia qww s) Га) тва μέσων. 
< a не анагьа u dûa hecÓXarüs lu ae 
nit Моо пыга Ya «ο τα πηπαπαξῶ ¿CL 
ET ole dah dimman e ¿Irc niet ety 
Saitamos y mladem ob debia e no cetro 
— tied erly ates 

ni ααλεάέρτες παν soat [iom s owls 01 «лет 
μ.ο ας evya taa ШЇ as Mamit ¿leer Orexs} 








before emerging. An order of aagnitwie approx.aation 
of this loss can be made by consideration of the solid 
angle within whieh particles will traverse one half- 
thiekness of the film before emerging. For P^" (assuming 
a half thickness of about 100 mg/cm”) this gives, for 

a uniform film 0,05 me/em“ thieks 


where $ Á] = the fraction of emergent particles which 
traverse a path 72 one half-thictness of the film, which 
is negligible. Por softer * particles, this eorrection 
элу ba large enough to reyiire consideration, 


Н. Importent Charseteristics of 47 Counter 


Counter voltage pletemu: begins at 3700 volts, 
slope < 0.8 percent per 100 volts. 
ägttions for norzel 2ngr2tion! 
Counter voltage: 4390 volts 
Cathode: "500 volts below ground, 007 volts 
supplied by batteries. 
Center wires and guard rings: 1800 volts above 
ground. 
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Sleetronic gain utodel 100 amplifier, Atomic 
Instrument Co. preamplifier Model $043): 
Course sein; 10 
* w Fine gaini | | 
Sesolvigs Sine: 20 + 5 pace (determined by a series 
of measurenents by the tvo-scuros method) 
uchusane £loy gàs zale: approximately £ bubbles/see 
Шашым. σσ νου ο νομος 
Lati" af ilsepisirigr -leiesg (at —— operating 
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APPENDIX ІІ 


THF SCINTILLATION Y-RAY SPECTROMETER 


The eounter consists of s sodium iodide +па111ша 
activated crystal 4.3 cw in diameter end 5 es long 
mounte? on rr ACA typo OAL photomultiplier tube. The 
goin of the linear »+rplifier used is aocjusted so that 
the spectrum is alweys represented by voltage pulses of 
from O to 100 volts. A single channel differential 
pulse height analyrer, — - the mns erplifier, crives 
e precision counting rate еме ої variable time constant 
and full-scale sensitivity of from 200 to 50,000 counts 
per minute, The diserizinator base line is varied con- 
tinuously from approximately O to 100 volts and a window 
of £ volts is used for 511 observations. Calibration 
runs vere made before and after obtaining each set of 
Gata by use of y-enitters of known energy. 
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Counting procedure varied depending upon the thicxneas 
of absorber. At high counting rates, the number of 
counts per 1 minute interval was recorded for at least 
three intervals, At intermediate counting rates, the 
preset count feature of the scaler was utilized and the 
time required for 10,000 eounts ns recorded, At very 
low counting rates, a preset eount of 4000 was used. 

, The tube was operated at the mid-point of its 
voltage plateau to insure maximum stability. In addition 
a set of five standardized § emitters of known energy 
was periodically counted thus enabling the correction of 
observed counting rates for any changes in instrument 
sensitivity. 


С. Correetions of Observed Data 


Other than correcting for eounter sensitivity 
fluetuations mentioned above, the only correction 
required was for resolving time losses. These corrections 
were made by adding to the observed counting rates the 
number of lost counts per minute (Fig. 2). 
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D. Resolving Tine Losses 


It ás generally assumed that the resolving tine of 
an instrument is constant for all counting rates and 
corrections are ususlly made for resolving time losses 
general counter types; the paralyzable and the non- 
paralyzable. A detailed treatment of these two cases? 
results in the following equations: 

A & oP (paralyzable type) (1) 
n * N(1- np) (non-paralyzable type) (1) 
At low counting rates both equation (1) and equation (2) 
reduce to 
N = n(1 + mp) (3) 
where Y aní n are respectively the true and observed 
counting rates and p is the resolving tine. 

In this experiment 1% was considered necessary at 
times to count at very high retes ( ~ 80,000 cpm) because 
of the possible presence of short-lived isotopes and the 
desire to obtain complete sets of absorption data as 
quickly as possible. It was obvious that the approximate 
equation (3) could not be used and ít was also found that 
* Evans, R. D.ı Class Notes for Course 8,512, Chapter 30. 
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neither equations (1) nor (°) properly eorreoted the 
observed counting rates if a constant resolving time 
was sssuned. 

To ohtaír a useful relation between counting rate 
and resolving time loss, the response of the instrument 
to a series of stend»rá sources of known activity vas 
measured end a plot made of observed vs expected counting 
rate (Figs 1).* Two response curves are shown, опе for a 
digerininator setting of 4, the other for a setting of 
6,** From the curvo for a discriminator setting of 4, 
the setting used throughout the experiment, a plot of 
lost counts per minute vs observed counting rate (Fig. ?) 
was prepared to facilitate correction of the observed 
data. 

To verify the aceuracy of this procedure, several 
sources were counted with discriminator settings of 4 
and 6, The following tabulation of the counting rates 
observed and the true counting rates cemputed from the 
applicable curve of Fig. 1, shows that the couputed 
values agree vithin experimental error thus indicating 
that consistent corrections may be made Ьу this method. 

* Zvans, R. D.: Clas» Notes for Course 0.512, Chapter 
30, page 15, 

** Data or E. Samuels, Physics Researeh Laboratory, 
Massachusetts General Hospital, loston, Mass. 
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Observed Camputed true 


counting rate counting rate 
— — — 
Lisc. 4 Disc. б Dise. 4 Disc, 6 
10580 9859 10990 10700 
41350 38910 54350 53900 
67600 61100 110,000 109,000 


Referring to Fig. 1, it is seen that neither response 
curve coincides with the theoretical curves of equations 
(1) and (2). It is apparent that the number of lest 
counts is strongly dependent upon the discrimina ton 
level, The results obtained жау be explained by а 
consideration of the pulse height distribution as a 
function of counting rate.* This shows that as the 
counting rate is increased, капу small pulses ere 
formed and some fraction of these pulses is lost because 
of the discrimination level and not because of the deed 
time of the tube. 


* MeCall, R. C.: “"Geiger-Muller Counters", M«.1.T. 
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APPENDIX IV 
THE COIKCIDESCE COUNTER 


A. Deseription 


This equipment cansists of two thallium eetiveted 
sodium iodide seintillation counters connected in 
eoineidence with single channel sno ccincidence scaling 
eireuits driving mechanical registers. The crystals 
are 1,5 inches in diameter, 1 inch deep, and are mounted 
on RCA type 5919 photomultiplier tubes. 

The counters are contained in lead shielded heads 
along with their cathode follower type preamplifiers 
shown sehematieally in Fig. 1. The two heads are mounted 
on a mechanieal seanning device such that the two opposing 
erystals are coaxial and are separated by approximately 
Р? ca. A mounting bracket permits poritioning of s source 
equidistant from the erystal faces and colinear with their 
common axis. 

The coincidence círecuit ís of eonventional design* 
providing both single channel and eoineidenee outputs which 
* Dwg. Ко. В-1547-№, file 6475, Laboratory for Nuclear 
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Fig. l. Schematie diagram of seintillation counter. 


The locatíon of components within the lead 
shielding head is as indicate, 








are fed through linoar emplifiers* to seperate scaling 
circuits', The equipment assembled for normal use is 
illustrated in Fig. f. 


B, Experimental Technique 


The ecuipment is operated so thrt the individual 
channels register approximately equal counting rates 
when a source is at the mid-point on the axis between 
the counter heads, 

Figure 3 illustrates that counting rates are only 
slightly affeeted by small displacements of the source 
from its central position. To minimize errors ceused by 
variation in counter sensitivity due to other ceuses, a 
standard ta” souree was counted prior to each measure- 
ment and the correction thus determined was applied to 
the observeá counting ruta. 

In all measurements the number of counts per 1l 
minute interval was recorded, each observation ineluding 
at least three intervals for single channel counts and 
six intervals for coincidence counts. At least 10,000 
events were ineluded in each observation to insure a 
maximum fraetional standard deviation of < 1 percent. 

Ф Atomic Instrument Co. Model 2045 Linear Amplifier. 
** Atomic Instrument Co. Model 1030 "Seale of 1000" Sealer. 
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Figs £9. 


volneldence counter assembly. 


Tne ecuipment is shown as assenbled for use 
in zezmming measurenents at Massachusetts 
General Hospital. The seanning and plotting 
mechenisms are contained in the central 
section of the photograph. The opposing lead 
shielded counter heads are visible to the 
right of the platting board. 
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Sensitivity distribution of eoineidence 
counter, 

The isosensitivity curves about the axis 
illustrate the very slight sensitivity 
variation for small source displacements from 


the central position. 
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С. Correction of Observed Counting Kates 


Coincidence counting rates were corrected by sub- 
trecting from the observed values the chance coincidence 
rate. Chenece rate wes computed by mens ol the equation 

Cop Στο Σι 
where H M, ore the individual channel rates and τ is 
the resolving time of the coincidence cireuit. By 
counting ¿n essentially πο; .energetic y-ray επ τος 
positioned off the axis of the crystals, T was computed 
to be approximately 0.36 psee dy use of the above equation. 

Counter response appears to be linear for counting 
retes up to 140,000 cps on single channels and 14,000 
epa for eoineideneos (Fig. 4). Consequently no correetions 
меге applied to the data for resolving time losses. 
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Tig, 4.  Co3Xpeiéenee counter response eurve, 


The lines&rity of eoonting rote vs source 
strength in evident for both single ehannel 


end coincidence countea, 





= 
uj 
z 
uj 
O « 
z 5 
uJ 
оо ш 
О > 96 
25 z2 
б. ¢ 
88 no O 
O m 
° 3¢ о 
Q 
N 
О 
N 
ιω 
O 
N) 
O 


$ с) O 0 «О < N 
».OI*(MIÍI) SLNANOY TINNVHI FTIONIS 
ςο-0/ «/σ2) SLNINOI FJINIGIINIOI 


uc А5774 























